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DESCRIPTION 

NEUTRAL AND ELECTRICALLY CONDUCTIVE POLY ( HETEROC YCLIC 
VINYLENES ) AND PROCESSES FOR PREPARING SAME 

RELATED APPLICATIONS 
This application is a continuation-in-part 
application of U. S. Patent Application Serial No. 
894,172, filed August 7, 1986, 

BACKGROUND OF THE INVENTION 
!• Field of the Invention 

This invention relates to novel electrically con- 
ductive forms of poly(heterocyclic vinylenes), espe- 
cially poly( thiophene vinylenes) or equivalently , 
poly(2,5-thienylene vinylenes), and to solutions com- 
prising poly(heterocyclic vinylenes) either in the 
conductive form or non-conductive form* Another aspect 
of this invention relates to a method of using the 
solution of this invention to form conducting polymer 
articles, including films, fibers, and coatings and 
methods of using such solutions as conducting liquids. 
Yet another aspect of this invention relates to novel 
process for preparing the poly (heterocyclic vinylenes) 
of this invention. 
2. Prior Art 

There has recently been an increased interest in 
the electrical conductivity of polymeric systems. For 
example, U.S. Patents Nos. 4,321,114 and 4,442,187 are 
directed to conjugated polymers having conjugation in 
all or a part of at least one backbone chain thereof, 
such as polyacetylene, polyphenylene, and poly (phenylene 
sulfide). It has recently been discovered that these 
conjugated backbone polymers can be chemically -doped in 
a controlled manner with electron acceptor and/or elec- 
tron donor dopants to produce electrically conducting 
polymers. Doping procedures and certain representative 
doped polymers are described in U.S. Patents Nos. 
4,222,903 and 4,204,216. 
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in the general field of conducting polymers, it is 
believed very difficult to dope one of these conjugated 
backbone polymers to the extent that it becomes a good 
conductor (1 0 -3_ 100 ohm -Wl) and thereafter dissolve 
s the polymer in any solvent-system. (j.S Patent 4,452,727 
and 4,599,194 disclose novel polymer solutions 
containing a doped sulfur-containing or oxygen- 
containing aromatic polymer. The solvent of this 
solution is restricted to solvents containing Lewis Acid 
io halxdes having a liquid phase under atmospheric pressure 
for at least one temperature between -150 -C and +100 °C 
such as arsenic trifluoride, phosphorus trifluoride, ' 
phosphorous pentafluoride, phosphorus trichloride, boron 
trifluoride and the like. These solutions can be used 
i5 to form articles, as for example, by casting the 

solution onto a substrate, and removing the solvent. 
This solution and method represents a significant 
advancement over the art; however, it does suffer from 
certain economic and practical disadvantages resulting 
2q from the cost and high environmental reactivity and 
toxicity of the specific solvents which must be used. 

A few conductive species of polyalkylthiophenes are 
known, having been primarily prepared by electrochemical 
polymerization. Illustrative of such species are 
25 poly (3-me thy Ithiophene) and poly ( 3 , 4-dimethylthio- 
Phene). r. j. Wa itman, J. Bargon, and A. F. Diaz, j. 
Phys. Chem. , ^83,. 87 , 1459-1463. G. Tourillon, D.~~" 
Govrier, P. Garnier, and D. Viven, J. Phys. Ch em .. 1984 
18, 1049-1051. s. Hotta, T. Hosaka, and w. Shimots^rnlT 
3q Syn. Metals. 1983, 6., 317-318. However, the polymers 
prepared electrochemically are not soluble in common 
organic solvents such as acetonitrile, propylene 
carbonate, tetrahydrof uran, dichloromethane , dimethyl 
formamide, nitrobenzene, nitropropane, toluene, and the 
3s like. in the absence of solutions, or plasticized 
forms, the ability to economically fabricate articles 
out of the conducting forms of these poly(alkylthio- 
phenes), especially semi-conducting and conducting 
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polymer films, fibers, and coatings, especially using 
conventional solvents or melt-forming techniques, is 
greatly restricted. In fact, the electrochemical 
methods are reported to give homogeneous conductive 
polymer films only up to film thickness of about 
2000 /i . Powdery deposits are obtained when attempts 
are made to grow films thicker than this. (G. Tourillon 
and F. Gamier, J. Poly. Sci. Poly. Phvs. Ed. . 1934 , 2 2, 
33-39.) 

The unsubstituted polythiophenes form highly con- 
ductive complexes on doping which are not stable in 
normal environments (containing air or water vapor). 
However, electrochemically prepared conductive poly(3- 
methylthiophene) is environmentally stable. (G. 
Tourillon and F. Gamier, J. Electrochem. Soc . . 
Electrochem. Sc i, Techn. 1983 , 130 , 2042-3. 

A few conductive oligoraeric species of 
poly (thiophene vinylenes), i.e., 6 to 8 repeat units, 
are known. For example, such materials are described in 
Kossmehl, G. et al . . Makromol Chem .. v. 131 , pp. 15-54 
(1970), and Kossmehl G. , Ber. Bunsenges Phys . chem . , 83 , 
pp. 417-426 (1979). These oligoraeric species of 
poly(thiophene vinylenes) exhibit several undesirable 
properties, which limit their utility in potential 
applications such as EMI shielding, and as anti-static 
materials. For example, the above-cited publications 
disclose that these oligoraeric poly ( thiophene vinylenes) 
are insoluble in common organic solvents which essen- 
tially precludes solution processability, are infuseable 
which essentially precludes melt processability, and 
exhibit low conductivities (10~ 12 -10 _2 ohm" 1 cm" 1 ) which 
essentially precludes use of such materials in EMI 
shielding and circuitry applications. 

Thus, there is a need for economically attractive 
techniques to facilitate the production of conductive 
and semi-conducting forms of environmentally stable 
poly (heterocyclic vinylenes), such as poly ( thiophene 
vinylene) polymers and copolymers, on an industrially 
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iEcUuVT"; t ° 1 faCilUate the P-cess, and 

especially, to develop pcocessing techniqueg fco £Qrm 

shaped articles such as fii ms , fibers and CQa 
semiconducting and conducting species of poly 
(heterocyclic vinylenes) . 

SUMMARY O P THE INVENTrnM 
One embodiment of this invention relates to soluble 
and processible precursor homopolymers or random or 
block copolymers which are useful in the formation of 
poly heterocyclic vinylenes), said polymers having 
regular or random recurring units of the formulas I to 
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wherein: 

m, and the sum of n,o and p are the same or 
different and are integers at least about 100 with the 
provxso that at least one of a or o is greater than 
zero; 1 

5 

q is an integer which can range from 0 to. about 4- 

R and 1 '/ 2 ' * 3 ' !*' RS ' **' * 7 ' R 8' R 9< R 10< *„. R 12 ! 
R 13 and R U are the same or different at each occurence 

and are hydrogen or isotopes thereof, alkyl, alkenyl, 
10 I t CyCl ° a1 ^ 1 ' ^loalkenyl, alkanoyl, 

alkylthao, aryloxy, alkyl thioalkyl, alkynyl, alkylaryl, 
arylalkyl, amido, alkylsulf inyl, alkoxyalkyl, 
alkylsulfonyl, aryl, arylamino, diarylamino, alkylamino, 
dxalkylamxno, phosphoric acid, alkylarylamino, arylthio, 
is heteroaryl, arylsulf inyl, alkoxycarbonyl, arylsulf onyl 
carboxyiic acid, halogen, nitro, cyano, sulfonic acid, 
or alkyl or phenyl substituted with one or more of 
sulfonic acid, phosphoric acid, carboxyiic acid, halo, 
ammo, nxtro, cyano or epoxy moieties, or a moiety of 
the formula: 

20 

^ OR 15+r-°Rl6 

wherein: 

R 15 is a divalent alkylene moiety having from 1 to 
about 7 carbon atoms; 

25 R 16 is alkyl having from 1 to about 7 carbon atoms; 

ana ' 

r is a natural number from 1 to about 50; or 
H and R 2 , or R 3 and R 4 , or R 5 and R 6 , or R ? and 
R 8 , or R 9 and R 1Q or » u and R 12 or R 13 and R 14 or R 15 
3Q and R substxtuents taken together are an alkylene or 
alkenylene group completing a 3, 4, 5, 6 or 7 membered 
aromatic or alicyclic carbon ring, which ring may 
optionally include one or more divalent heteroatoms of 
nitrogen, sulfur, sulfinyl> sulfonyl or oxygen; 
35 2 is an anion; and 

X X and X 2 are the same or different and are S, O, 
Se, N R 1? , or PR 17 , wherein R 1? ls hydrogen, alkylaryl, 
arylalkyl, alkyl or aryl. 
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This invention also relates to solutions of the 
polymers of Formulas I to VII in protic or aprotic 
solvents. These solutions can be used to form fil ms of 
the polymers of Formula I to VII which upon subsequent 
heat treatment, or treatment with base, form the 
corresponding conjugated polymers of Formulas VI II to 
XIV described below which said conjugated polymer can be 
converted into a electrically conductive polymer merely 
by treatment with p-type or n-type dopants as commonly 
used in the art. 

Another aspect of this invention relates to doped 
(conductive) and undoped (non-conductive) poly (hetero- 
cyclic vinylene) random or block copolymers and 
homopolymers having regular or random recurring units of 
the formula VIII to XIV. 



20 



.R 1 R 2 ^ 
VIII 




m 



r R r R 




R«-« m 




35 



WO 88/00954 



PCT/US87/01688 




XIV 



3S 



WO 88/00954 PCT/US87/01688 

-9- 

wherein m, Bf Qf p, q, X x , X 2 , ^ , R 2 , ^ , R ^ Rj# Rg# 

R 7 » R 8.' R 9' Rio' R ll' R 12' R 15' Rl6 and R, ? are as 
described above. 

Another aspect of this invention relates to a solu- 
tion which comprises: 

(a) an aqueous or organic solvent; and 

(b) one or more forms of the copolymers and 
homopolymers of Formulas I, n, m, Iv , V/ VI/ VII ^ 
VIII, IX, x, xi f XII, XIII and XIV. Still another 

iq aspect of this invention relates to solutions of the 
copolymers and homopolymers of Formulas VIII to XIV 
which further comprise a dopant solute. 

Solutions of Formulas I to VII can be conveniently 
used to form conductive articles by first removing the 
^ solvent, then heating to eliminate R u r 14 s and HZ, 
thereby producing polymers of Formulas Vin to XIV 
(neutral, undoped) which, through the use of an 
electron-acceptor dopant, form an electrically 
conductive article. Solutions of the copolymers and 
2 - q homopolymers of Formulas VIII to XIV in which the 

polymer is neutral and soluble can also be conveniently 
used to form conductive articles by removing the solvent 
until the neutral polymer solidifies, and thereafter 
doping the solidified neutral polymer through use of a 
2s suitable electron-acceptor dopant to form an article 
composed of an electrically conductive or semi- 
conductive form of said horaopolymer or copolymer. in 
addition, solutions of the polymers of Formulas VIII to 
XIV which include a dopant solute can be used to form 
3q conductive articles merely by removing the solvent until 
the doped polymer solidifies. 

The use of the solutions of this invention in the 
methods of this invention provides conductive articles 
of all shapes, as for example, films and fibers which 
3s are air stable, free standing and flexible. 
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BRIEF DESC RIPTION OF THE DRAWtMP.g 
Fig. 1 is a graph of the in situ conductivity 
measurements for doped poly ( thiophene vinylene) 
(vertical axis) as a function of doping level (mole 
s fraction per monomeric repeat unit (horizontal axis). 
Fig. 2 is a graph of the in situ voltage 
measurement of poly (thiophene viaylene) (vertical axis) 
as a function of doping level (horizontal axis). 

10 DETAILED DESCRIPTION OF THE IMVPMTtakt 

rand ° f thlS inVentio « is * homopolymer or a 

random or block copolymer according to Formula I to VII 

:r: v n - m - Ri - R2 - r - r - 

Illustrative of useful R,, r,, ^ ^ R 

X h U ' Rl2 9r ° UPS h ^ d ^en, cyano, 

nxtro, halo; alkyl such as methyl, ethyl, butyl, pentyl, 

octyl, nonyl, tert- butylr neopentyl , isopropy ^ ^ * 1 ' 

butyl, dodecyl and the like, alkenyl such as 1-propenyl, 

and h7 - k Penteny1 ' 6 " heXeny1 ' ^°>^> B-octenyl 
and the like, alkoxy such as propoxy, butoxy, methoxy, 

IZTVZ'o IT°7' n ° nylOXy ' ethOXy ' ° CtylOX ^ 

^ " SUCh 33 <* cloh **«^< cyclopentenyl 

2s and the Hke; alkanoyl such as butanoyl, pentanoyl, 
octanoyl, ethanoyl, propanoyl and the like; arylamino 

the T° SUCh 33 Phe ^ lami -' <iiphenylamlno and 

the like; alkylsulf inyl, alkylsulfonyl , alkylthio, 
arylsulfonyl, arylthio, and the like, such as butylthio, 

30 "^"T thi °' methylSUlfi ^ 1 ' benzylsulfinyl, phenyl- 
sulfmyl, propylthio, octylthio, nonylsulf onyl , 
octylsulfonyl, methylthio, isopropylthio, phenyl- 
sulfonyl, methylsulfonyl, nonylthio, phenylthio, 

TJTT 1 , 0 :.**™* 1 ^ 0 ' phenet ^^hio, sec-butylthio, 
3s naphthylthxo and the like; alkoxycarbonyl such as 

methoxycarbonyl, ethoxycarbonyl , butoxycarbonyl and the 
like; alkyl amino and dialkylamino such as dimethyl- 
amino, methylamino, diethylamino, ethylamino. 
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• dibutylamino, butylamino and the like; cycloalkyl such 
as cyc.lohexyl, cyclopentyl, cyclooctyl, cycloheptanyl 
and the like; alkoxyalkyl such as methoxymethylene , 
ethoxymethylene, butoxymethylene, propoxyethylene, 
5 pentoxybutylene and the like; arylalkylamino such as 
methylphenylamino, ethylphenylamino and the like- 
aryloxyalkyl and aryloxyaryl such as phenoxyphenylene , 
phenoxymethylene and the like; and various substituted 
alkyl and aryl groups such as 1-hydroxybutyl , 1- 
iq aminobutyl, 1-hydroxylpropyl , 1-hydroxypentyl , 1- 
hydroxyoctyl, 1-hydroxyethyl , 2-nitroethyl , 
trifluoromethyl, 3 , 4-epoxy-butyl, cyanomethyl, 3- 
chloropropyl, 4-nitrophenyl , 3-cyanopheny 1 , 1-hydroxy- 
methyl, and the like; sulfonic acid terminated alkyl and 
is aryl groups; carboxylic acid and phosphoric acid 

terminated alkyl and aryl groups such as ethylsulf onic 
acid, propylsulfonic acid, butylsulf onic acid, 
phenylsulfonic acid, arid the corresponding carboxylic 
acids. Exemplary of other useful R x to R,, groups are 
moieties of the formula: 



20 

where r, R 15 and R lg are as described above. Useful R 



-^ 0R 15*r- OR 16 



groups include divalent moieties of the formulas' " " 15 
~* CH 2+T' -^ CH 2^T' — frCE^+T- and -4CH 2 CH( CH 3 and 
2s useful R 16 groups include -CH3, and -CH 2 CH 3 . 

Illustrative of substituents having such R 15 and R 16 are 
ethyleneglycol monomethylether , diethylene glycol 
monomethylether, triethylene glycol monomethylether, 
tetraethylene glycol monomethylether, and the like. 

Illustrative of useful R u and R 14 groups are 
methyl, ethyl, propyl, butyl, or R 13 and R 14 together 
may form a cyclic ring such as -4CH 2 +-_ wherein x is an 
integer from 3 to 7 as, for example, -*CH 2 ^ -tO^y.. 

^ 2"^""' "♦ CH 2*T" a "d the like, and aryl structures of 
the formula: 
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5 wherein s and t are the same or different and are 
integers of from 1 to about 3. 

eth v i rllUSt " tiVe ° f Rl? 9r ° UPS ^ -ethyl, 
ethyl propyl, hexyl, octyl, nonyl, phenyl, benzyl, 

10 T.Ti\ 9h T thy1 ' Phenyl ^°^ 1 ' ^-dimethylphenyl, 4 - 
methylphenyl and the like. 

The nature of f groups is not critical and z~ can 
be any anion. Illustrative of useful Z~ groups are 
amons such as BF 4 ", , F~, ci", Br", i", C l0 - 

15 To 4 -' Z 3 -° 2 '' - 103 "' M ° Cl6 ~' MO0C1 4"' Fe "2-/AlCi r , 
KS 2 Og , BF 4 , PF 6 , Sb p 6 -, N02 - / 4 

CF3SO3 , CH 3 S03-,CH 3 C0 2 -, CH 3 C 6 H 4 S0 3 - and the like. 

Preferred for use in the practice of this invention 
are homopolymers, and random or block copolymers of the 
^ above Formulas I-XIV in which: 

least about 100, preferably at least about 300, with the 
Proviso that n, o and p are selected such that the lies 

or 6 ra a n C do regUla ^ * ~ ^ ^ ^ ^>ll 

25 xxr and m xirx ymerS ° f FOrmUlaS XX1 ' IV ' V ' VI ' X < «' 
XII, and xili is at least about 1 mole% based on the 

total moles of recurring units,- 

q is an integer from 0 to about 4; 

*1* Rar R 3 and R 4 are the same or'different at each 
occurrence and are hydrogen or alkyl having from 1 to 

n-butvl CaCb r at0mS ' SUCh 33 6thy1 ' Pr °^* tsopropyl, 
-butyl, sec-butyl, isobutyl, n-pentyl, isopentyl, sec- 

Pentyl, tert-pentyl, n-hexyl. n-octyl, n-nonyl , nidecyl, 

and n-dodecyl; phenyl; alkylphenyl such as 2,4- 

35 dimethylphenyl, 4-methylphenyl , 4-ethylphenyl , and 4- 

butylphenyl; phenylalkyl such as benzyl, phenethyl; 

alfcoxy having from 1 to about 12 carbon atoms such as 

methoxy, ethoxy, and propoxy; alkanoyl having from 1 to 



30 
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20 carbon atoms such as formyl, acetyl, and propinyl . 
alkylthio having from 1 to 20 carbon atoms such as 
methylthio, ethylthio, propylthio,dodecylthio and 
butylthio; alkoxyalkyl having from 1 to 20 carbon atoms 
s such as methoxy methyl, ethoxy ethyl, heptoxy propyl, 
alkenyl having from 1 to about 20 carbon atoms such as 
allyl, vinyl and 3-butenyl; or phenyl and alkyl 
substituted with epoxy, sulfonic acid, nitro, cyano, 
phosphoric acid, carboxylic acid, or halo substituents 
io such as trifluoromethyl, 3, 4-epoxybutyl, cyanomethyl, 2- 
nxtroethyl, 3-chloropropyl, 4-nitrophenyl, 

-CH 2 CH 2 CH 2 S0 3 Hj -CH 2 CH 2 CH 2 P(0)(OH) 2 ; and -CH 2 CH 2 CH,CO,H; 
moiety of the formula: 

-* 0R 15+r- 0R 16 

wherein 

15 

R 15 is alkyl having from 1 to about 4 carbon atoms; 
R 16 alkyl having from 1 to about 4 carbon atoms; 

and 

r is a natural number from 1 to about 25 such as 
2Q ethylene glycol monomethylether, diethylene glycol 
monomethylether, triethylene glycol monomethylether, 
tetraethylene glycol monomethylether and the like; or 
any of R x and R 2 or R 3 and R 4 or R 15 and R lg , 
substituents taken together may form an alkylene or 
2s alkenylene chain having from 2 to 20 carbons atoms 
completing a 4, 5 or 6 membered ring system which may 
include one or more heteroatoms of oxygen, nitrogen or 
sulfur such as 1,4-butandiyl, 1,2-ethanediyl, -CH 2 SCH,- 
-CH 2 OCH 2 -, -CH 2 CH 2 -NH-CH 2 -, or -CH 2 CH 2 -NH-. 
30 R 5 to R 14 a " the same or different at each 

occurrence and are hydrogen, alkyl having from 1 to 
about 12 carbon atoms, substituted alkyl, phenyl, 
substituted phenyl, alkylthio having from 1 to about 12 
carbon atoms or alkoxy having from 1 to about 12 carbon 
3s atoms; alkylamino having about 1 to about 12 carbon 

atoms or any of R 5 and R g , or R ? and R g , or R g and R 1Q , 
or R u and R 12 , or R 13 and R 14 substituents together may 
form an alkylene chain having 2 to about 20 carbon atoms 
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completing a 4, 5 or 6 membered ring system which may 
include one or more heteroatoms of oxygen or sulfur such 
as 1,4-butandiyl, 1 , 2-ethanediyl , -CH 2 SCH 7 -or 
-CH 2 0CH 2 - ; 2 



SbF, 



5 Z \ iS f ' C1 °4- C1 °3~' KS 2 0g-, BF 4 ", pp • 

CI , Br , I , no 3 -, CH3SO3-, HSQ 4 -, CF3SO3-/ CH 3 C0 2 -; 
and CH 3 C 6 H 4 S0 3 -; and 2 

X L and x 2 are the same or different and are oxygen, 
sulfur or - N R 1? wherein ^ ig hydrQgen or 

10 Parti ^*rly Preferred for use in the paractice of 

this invention are homopolymers and random copolymers of 
the above-referenced Formula I to XIV wherein: 
q is an integer from 0 to about 3; 

„t, h and the sum of n - ° and p are at ieast 500 

is with the proviso that n, o and p are selected such that 
the moles of each recurring moiety of the random 
copolymers of Formulas III, iv, V, VI, x, XI, XII, and 
XIII are at least about 5 mole % based on the total 
moles of recurring units in said random copolymer; 
20 R l' R 2' R 3 R 4 are ^e same or different at each 

occurrence and are hydrogen, alkyl having from I to 
about 12 carbon atoms such as ethyl, methyl, propyl, n- 
butyl, sec-butyl, n-hexyl, n-octyl,and n-dodecyl; 
Phenyl; alkoxy having from 1 to about 12 carbon such as 
2s methoxy, nonoxy, dodecanoxy, ethoxy and propoxy; 

llllT,t° haVin9 fr0m 1 t0 ab ° Ut 12 Carb ° n ■«<* as 

methyl thxo, ethylthio, propyl thio, and butylthio; 

alkoxyalkyl having from 1 to about 12 carbon atoms; or a 
moiety of the formula: 

30 L ~* 0R 15 "*r 0R 16 

wherein: 

R 15 is alkylene of about 2 to 3 carbon atoms; 
R 16 is alkyl of from 1 to about 3 carbon atoms; and 
r is a natural number from 1 to about 10, 
35 R 5' R 6' R 7' R 8' R 9' *IQ> Hi and R 12 the same 

or Afferent at each occurrence and are hydrogen; alkyl, 
such as methyl, ethyl or the. like, substituted alkyl 
such as butylsuifonic acid, propylsulf onic acid. 
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cyanomethyl, epoxybutyl, pentaf luoroethyl , nitropropyl 
and butylcarboxylic acid; alkoxy such as methoxy, 
ethoxy, butoxy, and the like; and alkylthio such as 
methylthio, ethylthio and the like; or any of R 5 and R,, 
5 R? R 8' R 9 and R 10' °* *n and R 12 together may be 

propylene, butylene or like divalent alkylene group 
forming an alicyclic ring; 

r« S n Z - " Br "' BF4 "' PF6 "' N °3"' C3L0 4"< CIO,-, 

CH3SO3 , KS 2 Og , SbF 6 - f HS0 4 -, CF3SO3-, CH,CO,-, or 
1Q CH 3 C 6 H 4 S0 3 -; 32 

X x and x 2 are the same or different and are oxygen 
or sulfur; and 

R 13 and R 14 are the same or different at each 
occurrence and are alkyl or alkylene forming an alkylene 
ring. 

15 

Amongst these particularly preferred embodiments, 
most preferred are random copolymers and homopolymers of 
Formula I to XIV in which; 

q is an integer from 0 to about 2; 
2Q m, or the sum of n, o, and p is at least about 1000 

with the proviso that n, o and p are selected such that 
the total moles of each recurring moiety in said random 
copolymer of Formulas III, iv, V, VI, x, XI, XII and 
XIII is at least about 10 mole % based on the total 
^ moles of recurring units in said random copolymer; 
R]i to R 4 are the same or different at each 
occurrence and are hydrogen, or alkyl, alkoxy or 
alkoxyalkyl having 1 to about 12 carbon atoms or a 
moiety of the formula: 

30 -^OR 15 4- 0 R 16 

wherein: 

R 15 is "■* CH 2*7"' or -CH 2 CH(CH 3 )-; 

R 16 is -CH 3 or -CH 2 CH 3 ; and 

r is a natural number 1 to about 6; 
35 R 5' R 6' R 7' R 8' R 9' R i0' R n* and R 12 are the same 

or different at each occurrence and are hydrogen, alkyl, 
or any of R 5 and R fi , R? and R g , R g and R 1Q , or R u and 
R 12 together may form a divalent alkylene group having 
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from 2 to about 6 carbon atoms forming an alicyclic 
ring; 1 

*13 and R14 a™ the same or different at each 
occurrence and are methyl, ethyl, butyl, H CH,tr 
5 -* CH 2^ "tCHa+TV-**^ or -fCH^; ^' 
_Z is Cl , Br,', bp - PF - f - 

CH 3 c 6 H 4 so 3 ; and 

Xj^ and x 2 are sulfur. 
iQ Especially good results have been obtained with 

homopolymers and random copolymers of the above 
referenced formulas vin to XIV, and the corresponding 
precursors of the formulas I to VXI, said homopolymer! 
and copolymers selected from the group consisting of 
is poly thienylene vinylene), polyC f urylene vinylene), 
poly(3-methoxythienylene vinylene), poly(3- 
ethoxythienylene), poly( 3-ethylthienylene vinylene), 
Poly(3-propylthienylene vinylene), poly (3- 
butyl thienylene vinylene), random copolymers of 

20 TZT en * T ylene ^ fUrylenS Vin ' lene ' ™d random 
copolymers of thienylene vinylene and 2 , 5-dimethoxy-l , 4- 
phenylene vinylene. 

This invention also relates to solutions of the 
homopolymers and copolymers of Formula I to VII 
^ comprised of one or more of said copolymers and 

homopolymers and a protic and/or an aprotic solvent. 
Useful solvents can vary widely and include such 

11111^,^ N ; methyl Pyrr0lid0 -' aimethyl sulfoxide, 
water, ethanol, methanol ,butanol # propanol, 

dimethylformamide, dimethylacetamide, propylene 
carbonate, sulfolane and the like, or mixtures thereof. 

The solvent chosen for use in any particular 
situation will usually depend on the nature of the 
various substituents. For example, the more polar the 
3s particular substituents, the more polar the solvent; and 
-conversely, the less polar the substituent the less 
polar the solvent. m the preferred embodiments of this 
invention, solvents are selected from the group 
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consisting of water, methanol, sulfolane, 
dimethylf ormamide, N-methyl pyrolidinone and mixtures 
thereof, and in the particularly preferred embodiments 
of the invention the solvent is selected from the group 
consisting of water, sulfolane, methanol and dimethyl 
formamide and mixtures there of. Particularly preferred 
is water. 

The copolymers and homopolymers of Formulas I to 
VII can be conveniently prepared by treating a compound 
or group of compounds, whichever is applicable, of the 
following Formulas XV to XXI: 



Ri(R 3 ) R 2 (R4> 
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with a base. In general, this reaction is carried out 
in solution using one of the protic or aprotic solvents 
s described above. Bases for use in this reaction are not 
critical and the only requirement being that the base is 
slightly soluble in the solvent in which the reaction is 
being conducted. Illustrative of useful bases are 
alkali metal hydroxides such as sodium hydroxide, 
iQ lithium hydroxide, and potassium hydroxide; alkali metal 
carbonates and bicarbonates such as sodium carbonate, 
sodium bicarbonate, potassium carbonate, and potassium 
bicarbonate; and alkali metal alkoxides such as 
potassium ^-butoxide, lithium methoxide, lithium 
is ethoxide, sodium methoxide, sodium ethoxide, potassium 
methoxide, and potassium ethoxide. Preferred bases are 
sodium hydroxide, lithium hydroxide, potassium 
hydroxide, sodium methoxide, sodium ethoxide, potassium 
1-butoxide and sodium carbonate, and particularly 
2q preferred bases are sodium hydroxide, lithium hydroxide, 
potassium hydroxide, sodium methoxide, and sodium 
ethoxide. Amongst these particularly preferred 
embodiments, most preferred are those embodiments of the 
invention in which the base is sodium hydroxide, 
2s potassium hydroxide, and lithium bydroxide. 

As noted above, solvents for use in this process 
are those in which the polymers of Formulas I to VII are 
soluble and can vary widely. Preferred solvents are 
water, methanol, ethanol, dimethylsulf oxide, sulfolane, 
3q dimethylformamide, N-methylpyrolidone and acetoni trile , 
and particularly preferred solvents are water, methanol, 
ethanol, dimethylformamide, and N-methylpyrolidone. 
Amongst those particularly preferred solvents, most 
preferred solvents are methanol, ethanol, 
dimethylformamide and water. 

Reaction temperatures are not critical and can vary 
widely. m general, the polymerization reaction is 
carried out at a temperature of from about -15«C to 
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about 200 -c. in the preferred embodiments reaction 
temperatures of from about -15-c to about 50-c and in 
the particularly preferred embodiments reac tion ^ " 
temperatures are from about -5«c to about 5- C 
5 faction pressures are not critical and the 

atmospheric or autog.neous pressure. " 
" reactor" 0 " " Uely - In »— the 

the Formula I, II, ill tu w tr-r * polymers of 

2 " m j * tn »«ntion includes neutral and electricallv 

Formulas mx L J^T ten - ° £ the or 
IT y te P«P«**<S from the 

an T I" P ° lym " S ° £ PO ™ UM r " « I*. V, VI 



treatment eliminates HZ and ^ "^J* th *~ l 

temperatures depend on the structure of the „ , 
nature of and the structure of T R J? 1 *"* " 
widely. Temperature, °f 13 * 14 ^ ~» Va ^ 
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preferably temperatures should be such that about 90 



mole% of R 13 R 14 S and HZ is eliminated. 

If. HZ is an oxidant, as for example HC10 4 , HC10 3/ 
H 2 S0 4/ HFeCl 4 , HS 2 0 8 K, HFe0 4 , HMn0 4 , HBr0 3 or the like, 
the conjugated backbone polymer will be spontaneously 
doped by the HZ after elimination. For these 
embodiments of the invention, preferred Z anions are 
C10 4 ", C10 3 -, HS0 4 , FeCl 4 ", KS 2 0 8 "*, Fe0 4 ~, Mn0 4 ", and 
Br0 3 ". 

Chemical methods can also be used to convert 
prepolymers I to VII into conjugated polymers of 
Formulas VIII to XIV. In these chemical methods, the 
precursor polymers of Formulas I to VII, either in 
solution or in the solid state, are treated with a 
base. Lewis bases are particularly useful such as the 
hydroxides, ethoxides, butoxides, and isopropoxides of 
sodium, potassium and lithium, sodium or lithium 
hydride, amines such as trimethylamine, tr ibutylamine 
and the like, ammonium hydroxides such as ammomium * 
hydroxide, tetrabutyl ammonium hydroxide and the like, 
and carbonates such as sodium, potasium or lithium 
carbonate. 

The electrically conductive forms of the polymers 
of Formulas VIII to XIV are formed by doping 
corresponding neutral forms of the polymer in solution 
or in the solid state. In general, these doped 
conductive forms are prepared by treatment of the 
conjugated polymer with chemical oxidizing agents (p- 
type dopants) or by electrochemical oxidation at the 
anode in an electrochemical cell. These procedures are 
described in more detail in U.S. Patent Nos. 4,442,187 
and 4,321,114. Dopants for use in the practice of this 
invention can vary widely and can be such materials 
which are known in the art for use in doping conjugated 
backbone polymers to form conductive or semi-conductive 
polymers, as for example those described in detail in US 
Pat, Nos. 4,442,187 and 4,321,114 which are hereby 
incorporated by reference. Illustrative of useful 
electron acceptor dopants are I 2 / AsF 5 , A1C1 3 , MoOCl 4 , 
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MCC1 5 , mo + and N0 2 * salts (such as NOBF 4 , N0 PF 6 , N 0SbF 6 , 
NOAsFg, NOCuCl-,, NOC^SO-,, N 0 2 BP 4 , N0 2 PFg, NO^sFg, 
N° 2 SbF 6 , and, M0 2 CF 3 S03) r 0 2 + AsF 6 ' t HC10 4 , HN0 3 , H 2 S0 4 , 
P-toluenesulfonic acid (TsOH), benroylperoxide, CF 3 S0 3 H, 
g S0 3 , Br 2 , (FS0 3 ) 2 , FS0 3 H, Fe(Cl0 4 ) 3 , FeCl 3 , Fe(OTs} 3 , 
and Fe(CF 3 S0 3 ) 3 , Ag salts such as AgSbFg, AgCF 3 S0 3 , and 
AgOTs which give rise to doped polymers containing 
dopant solutes such as I 3 ", mf, BF ^ r ^ 

, Br", SbF 6 ~, CF 3 S0 3 -, CP 3 C0 2 - # MOOC1 4 -, MoClg"-, HSO.", 
10 A1C1 4 -, C10 4 -, OTs", SO3-, C 6 H 5 C0 2 -, Br 3 ~, CH3SO3-, 
FS0 3 , and FeCl 4 -. other useful electron acceptor 
dopants include electrolyte salts such as LiC10 4 , LiBF 4 , 
LlAsFg, NaPFg, Bu 4 NCl0 4 , Bu 4 NOTs, tiCP 3 C0 2 , Bu 4 NCF 3 SO, , 
LiCF 3 S0 3 , AgOTs, and the like, which can be dissolved in 
15 a suitable solvent and used to dope the homopolymer or 
copolymer by electrochemical oxidation of the polymer at 
the anode of an electrochemical cell. 

Still other useful dopant solutes include the 
aforementioned anions, or polymeric electrolytes such as 
20 polymers substituted with one or more anionic functional 
groups such as carboxylic acid or sulfonic acid groups, 
as for example polyethylene sulfonic acid, polyacrylic 
acid, polymethacrylic acid, polystyrene sulfonic acid 
and co-polymers thereof which can be incorporated into 
25 the polymer as the dopant solute concomitant with 
oxidising the polymer elect rochemically or with an 
oxidant such as oxygen, hydrogen peroxide, KS 2 0 8 , 
NaC10 3 , sr 2 , ci 2 , NaC10 4 and the like. 

Preferred for use in the practice of this invention 
30 are electron acceptor dopants, while we do not wish to 
be bound by any theory, it is believed that solid 
articles composed of polymers of this invention doped 
with electron-acceptor dopants are more stable to air 
and water vapor than the corresponding polymers doped 
35 with electron-donor dopants. Particularly preferred for 
use in the conduct of this invention are electron 
acceptor dopants which give rise to doped polymers 
containing, the following dopant solutes: I 3 -, CF 3 S0 3 -, 
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CH3SO3-, NO3-, T.O", FeCl 4 -, SbFg", PP 6 " # BF 4 - 7 CIO.-, 
and PhC0 2 ". 

Prefered doping levels are those that provide 
environmentally stable compositions having electro- 
chemical potentials less than about 1.0 volts vs. 
standard calomel electrode (SCE). More preferred are 
doping levels which provide compositions having 
electrochemical potentials less than about 0.8 volts vs. 
standard calomel electrode; and most prefered are doping 
levels which provide compositions electrochemical 
potentials less than about 0.5 volts vs. standard 
calomel electrode. 

As was noted above, this invention also relates to 
solutions of both the neutral and conductive forms of 
the polymers of Formulas VIII to XIV. The solvent type 
employed can vary widely, from polar to non-polar. in 
general, solvents which can be used in the practice of 
this invention will have a dipole moment greater than 
zero and less than or equal to about 5, and a dielectric 
constant of less than about 70. Illustrative of useful 
solvents are sultones, such as propane sultone, butane 
sultone, pentane sultone and the like; alkyl 
alkanesulfonates such as methyl methanesulfonate , ethyl 
methanesulfonate, butyl methanesulfonate, propyl 
ethanesulfonate and the like; linear and cyclic ethers 
such as 1,2-dimethoxy ethane, dimethoxy methane, 
dioxane, glymes, diglymes, tetrahydrof uran, 2-methyl- 
tetrahydrofuran, anisole, diethylether and the like; 
nitriles such as acetonitrile, propionitrile, butyroni- 
trile, benzonitrile and the like; hydrocarbons such as 
cyclohexane, pentane, hexane and cyclopentane; halo- 
carbons such as carbon tetrachloride, dichloromethane, 
and 1,2-dichloroethane, aromatic solvents such as 
benzene, toluene, xylene, nitrobenzene and the like; 
3s ketones such as 4-methyl-2-pentanone , raethylethylketone , 
acetone, and the like; carbonates such as propylene 
carbonate, dimethyl carbonate, ethylene carbonate and 
the like; esters such as methyl formate, methyl 
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acetate, q -butyrolactone, ethyl acetate and the like- 
nitnles such as benzonitrile, propionitrile, and 
acetonitrile; nitroalkanes , such as nitromethane, 
nitroethane, nitropropane, and the like; amides such as 
s dimethyl formamide, dimethyl thiof ormamide , N, N -dimethyl 
acetamade, N-methyl P yrrolidinone and the like; organo- 
Phosphorus compounds such as hexamethyl phosphoroamide, 
diethylphosphate, triethylphosphate, trimethylphosphate 
and the like; and organosulfur compounds such as sul- 
io folane, methyl sulfolane, dimethyl sulfone, dimethyl 
sulfoxide, dimethyl sulfolane, glycol sulfite, tetra- 
ethylsulf amide and the like. Mixtures of such organic 
solvents can also be used as for example mixtures of 
sulfolane and acetonitrile. 
i5 Solvent selected for use in any particular situa- 

tion will depend primarily on the polarity of various 
*1» «2' R 3' *4' *5' **r R?' R 8 ' *V 

R i0 / Rn, and/or R 12 substi tuents , and/or the state of 
the polymer, i.e. doped or undoped. m general, more 
2q polar substi tuents and higher doping levels of the 

polymer, will require solvents with higher dielectric 
constants and dipole moments (within the above specified 
range). Conversely, less polar substituents and lower 
doping levels of the polymer, will require solvents with 
2s lower dielectric constants and dipole moments (within 
the above specified ranges). 

in general, solvents chosen for use with doped 
polymers and/or those having relatively polar sub- 
stituents will usually have a dipole moment of from 
3q about 0.3 to about 5.0, preferably from about 2.5 to 
about 5.0; and a dielectric constant of from about 2.0 
to about 70, preferably from about 20 to about 65 
Illustrative of such solvents are linear and cyclic 
ethers, such as tetrahydrof uran, tetrahydropyran, 
3s 2-methyltetrahydrofuran, diethylether, diglyme, glyme 
and the like; halocarbons such as chloroform, 
1,2-dichloroethane, dichlorome thane and the like; 
amides, such as d imethylf ormamide, N,N-dimethyl- ' 
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acetamide, N-methyl pyrrolidone and the like; substi- 
tuted aromatics, such as xylene, anisole, toluene and 
the like; nitriles, such as acetonitrile, propionitrile, 
benzonitrile, butyronitrile, and the like; sulfoxides 
and other sulfur containing solvents such as dimethyl- 
sulfoxide and the like; nitro substituted alkanes and 
aromatics such as nitromethane , nitropropane, 
nitrobenzene and the like; and carbonates such as 
propylene carbonate, ethylene carbonate and the like. 

In general solvents chosen for use with undoped 
polymers and/or those having relatively non-polar sub- 
stituents will have a dipole moment of from about 0 to 
about 3.0, preferably from about 0 to about 2.0; and a 
dielectric constant of from about 2.0 to about 35, 
preferably from about 2.0 to about 20. Illustrative of 
such solvents are halocarbons such as dichloromethane , 
and the like; aromatic solvents such as toluene, xylene, 
benzene and the like; cyclic and linear ethers such as 
dimethoxyethane, tetrahydrof uran and the like; esters 
such as ethylacetate, methyl formate and the like; 
sulfoxides, such as dimethylsulf oxide and the like; 
cyclic and linear amides, such as dimethylformamide, N- 
methylpyrrolidone, N,N-dimethylacetamide and the like; 
and ketones such as acetone and the like. 

The proportion of polymer and solvent in the 
solution of this invention containing the neutral 
copolymer or homopolymer and the organic solvent; and 
the solution containing the doped polymer and solvent 
are not critical and can vary widely. However, the 
following guidelines are believed important for 
achieving solutions particularly useful in the present 
invention. in general, the amount of solvent as a 
proportion of the amount of solution is not believed to 
be critical, since any amount as a liquid will form at 
least a viscous gel with doped or undoped polymers. 
These viscous embodiments of the invention are parti- 
cularly useful for silkscreening conductive circuitry 
and for applying thick film coatings on substrates. For 
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other applications, it may be preferred, however, to use 
sufficient liquid solvent to lower the viscosity of the 
gel or solution to a point where it flows at least suf- 
ficiently to conform to a container shape or mold in a 
s reasonably short period of time, e.g., in 30 minutes or 
less. Preferably, the solvent is present in sufficient 
amounts to lower the viscosity of the solution to less 
than about 2,000 centipoise, and more preferably from 
about 1 to about 1000 centipoise. 
iq The solution of this invention may include a third 

essential ingredient which is an electron dopant solute. 
The purpose of the dopant is to dope the polymer, and 
render it electrically conductive both in solution, and 
in the solid article derived from the solution. m 
is general, such a solute is derived from a compound which 
upon addition to the polymer ionizes the polymer with 
co-committent disproportionate into a neutral and 
anionic dopant solute species. The dopant for use in 
the practice of this invention can vary widely and can 
2q be such materials which are known in the art for use in 
doping- conjugated backbone polymers to form conductive 
or semi-conductive polymers, as for example those des- 
cribed in detail in u.s. Patent Nos. 4,442,187 and 
4,321,114 which are hereby incorporated by reference. 
2s The amount of dopant employed in the solution of 

the doped homopolymer or copolymer is also not believed 
to be critical and can vary widely. m general, the 
amount of dopant employed is sufficient to provide a 
doped polymer (either in solid form or in solution) 
3q which is a semi-conductor or a conductor. in general, 
the amount of dopant employed is at least sufficient to 
provide a doped polymer having an electrical con- 
ductivity (either in solution or in solid form) equal to 
or greater than about 10*2 oha -I cm -l. The upp#r 
35 conductivity is not critical, and usually the highest 

conductivity which can be obtained is provided. in the 
preferred embodiments of the invention, the amount of 
dopant employed is at least sufficient to provide a 
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doped polymer having an electrical conductivity equal to 
or greater than about 10" 1 ohm" 1 cm" 1 , and in the 
particularly preferred embodiments, an amount at least 
sufficient to provide a doped polymer having a 
conductivity equal to or greater than about 10° ohm" 1 



cm 



,-1 
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Amongst these particularly preferred embodiments, 
most preferred are those embodiments of the invention in 
which the amount of dopant is at least sufficient to 
form a doped polymer having an electrical conductivity 
equal to or greater than about 10 +1 ohm -1 cm -1 with a 
conductivity equal to or greater than lO^onm-icm" 1 
being the conductivity of choice. 

However, as noted in Example 11, in the case of 
poly(thiophene vinylene), doped with PF 6 ", to obtain 
doped polymer having an optimal compromise between high 
electronic conductivity and good environmental and 
chemical stability, a strong preference is indicated for 
minimizing the doped polymers' chemical potential, 
especially by not entering the region of rapidly 
increasing potential which occurs beyond a 25 mole % per 
monomer unit doping level. In these embodiments, 
preferred doping levels are from about 20 to about 25 
mole %. 

In addition to the essential copolymer or homo- 
2s polymer, dopant and solvent, or copolymer or homopolymer 
and solvent, whichever is applicable, the solutions of 
this invention can include other optional ingredients 
which either dissolve or do not dissolve in the solu- 
tion. The nature of such optional ingredients can vary 
widely, and include those materials which are known to 
those of skill in the art for inclusion in polymer arti- 
cles, in the case of dissolvable components, materials 
may be present which alter the physical or mechanical 
properties of either the solution or the articles 
3s eventually cast from the solution. Examples of such 
materials include other conventional polymers such as 
polyacrylonitrile, polyvinylidine chloride, polyethylene 
oxide, polystyrene, nylon, celulose acetate butyrate, 
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polypropylene, polyethylene, celulose acetate, 
polyphenylene oxides and the like. In the case of non- 
soluble fourth components, materials may be present 
which either fill or form a .substrate for the conductive 
s polymer cast from the solution. These fourth components 
include other conductive polymers, other polymers such 
as polyacetylene which may become conductive upon 
doping, graphite, metal conductors, reinforcing fibers 
and inert fillers (such as clays and glass). 
1Q The method of forming the solutions of this inven- 

tion is not critical and can vary widely. For example, 
one preferred method of forming the present solution 
containing the doped homopolymer or copolymer is to 
react, simultaneously, the polymer, the dopant and the 
is solvent as a liquid. Thus, for example, by introducing 
poly(3-n-butylthienylene vinylene-co 3-ethylthienylene 
vinylene) as a solid powder, nitrobenzene as a liquid 
and iodine as a solid into a mixing vessel, a solution 
of the doped polymer is quickly formed, from which 
2q conductive polymer can be cast. The conditions of such 
mixing are not critical, provided that sufficient iodine 
is used to dope the desired quantity of polymer and 
sufficient solvent is employed to reduce the viscosity 
of the solution to manageable levels. An alternate 
2s technique of preparing the solution of this invention 

containing the doped polymer is to mix first the polymer 
and the solvent, which can form a homogeneous solution 
or remain as a two-phase system almost indefinitely 
depending on the solvent chosen, and thereafter add the 
3Q dopant to the solution or two phase system. Thus, for 
example, if poly (3-butylthienylene vinylene) powder is 
admixed with nitromethane solvent, the powder will 
remain on or suspended in the solvent for extended 
periods under normal conditions. The addition of a 
35 dopant to this suspension, such as N0SbF 6 „ causes the 
powder to be doped and, almost instantaneously 
thereafter, causes the doped polymer to go into 
solution, a second alternate technique for forming the 
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solution of this invention containing the doped 
homopolymer or copolymer is to form the dopant solute 
from part of the solvent, either in the presence of the 
polymer solute or followed by addition of polymer 
s solute. Thus, for example, adding poly (3-n_-butyl 

thienylene vinylene) to a solvent such as FSO3H produces 
a solution of the polymer doped with FSO3"*. 

The solution of this invention which contains the 
neutral polymer can be prepared merely by dissolving the 
iq polymer in a solvent in which it is soluble. For 
example, solutions of poly (3-n-butylthienylene 
vinylene) can be conveniently prepared merely by adding 
the desired amount of the polymer to a solvent, such as 
toluene or nitrobenzene, in which the polymer is 
soluble. 

15 

Various methods are contemplated for using the 
solution of the present invention. First, with regard 
to solutions of both the conductive doped polymer and 
the neutral -polymer, it is contemplated to remove the 
2q solvent from 'the solution to allow the copolymer or 

homopolymer to solidify. in the. case of the solution of 
the doped polymer, excess dopant precursor, if present 
. may be removed from the solution by some suitable con- 
ventional method if desired. The solvent can be removed 
2s from the solution through use of any conventional sol- 
vent removal method but is removed preferably by 
evaporation. Alternatively, the solvent and dopant 
precursor can be removed by extraction with an extrac- 
tant in which the solvent and dopant precursor are sub- 
3Q stantially more soluble than the doped polymer. 

As will be appreciated by those skilled in polymer 
processing, the ability to form polymer articles by 
removing a solvent from a solution enables one to 
prepare articles of a wide variety of shapes and sizes. 
Thus, for example, by removing volatiles from the pre- 
sent solution spread on a surface, films of any desired 
thickness can be prepared. By extruding the solution 
through a die, fibers or films can be made. Similarly, 
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by removing volatiles from the solution in a mold of 
various shapes, shaped articles conforming in shape to 
the mold can be prepared. It will be appreciated that 
some shrinkage might occur between the solution in its 
5 last flowable state to the final article, but such 
shrinkage is conventionally accounted for in molding 
polymers from solution. It is also contemplated that, 
once a solution is formed, a partial or substantial 
removal of solvent will occur prior to placing the 
iq solution on a surface or in a mold, with the final 

venting of solvent occurring on the surface or in the 
mold, it is contemplated that, if fourth or additional 
soluble components are introduced into the solution, 
they will, unless also volatile, be present in the 
is shaped article formed. if the fourth component is a 

non-volatile liquid, then the removal of volatile com- 
ponents may leave a new liquid or plasticized form of 
doped conducting polymer or undoped neutral polymer. if 
the additional components are volatile, then foamed or 
2q expanded cellular forms of the polymer may be formed. 

in those embodiments of the invention in which the 
solution contains a doped polymer, a conductive or semi- 
conductive article is formed upon removal of the sol- 
vent. However, in those embodiments of the invention in 
2s which the solution contains a neutral polymer, the 
resulting article must be contacted with a suitable 
dopant to render the article conductive or semicon- 
ductive. For example, a solution of neutral poly(3-n- 
butylthienylene vinylene) can be prepared by dissolving 
3Q the polymer in a solution such as tetrahydrof uran, 
toluene or nitrobenzene. Solvent can removed from 
solution forming an article composed of the neutral 
polymer. Thereafter, the polymer article is exposed to 
a suitable electron-acceptor dopant, as for example 
35 iodine or nitrosonium salts dissolved in a solvent in 

vrtiich the neutral and doped polymer are not soluble, for 
a time sufficient to dope the polymer article to the 
desired extent. The upper conductivity of the polymer 
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is not critical, and usually the highest conductivity 
which can be obtained is provided. In general, the 
polymer is doped until it has an electrical conductivity 
equal to or greater than 10" 2 ohm" 1 cm" 1 . in the 
g preferred embodiments of the invention, doping is 
continued until the electrical conductivity of the 
polymer is equal to or greater than about 
10" ohm" 1 cm" 1 and, in the particularly preferred 
embodiments doping is continued until the electrical 
conductivity is equal to or greater than about 10 +1 
ohm -1 cm" 1 . in the most preferred embodiments, doping 
is continued until conductivities equal to or greater 
than about 10 +2 ohm" 1 cm' 1 are obtained. 

In the event that fourth or additional non-soluble 
i5 components are present (or suspended) in the solution, 
the doped polymer will form around, or be filled with, 
the insoluble material. If, for example, the additional 
components are glass fibers, the relative amounts of 
fibers and doped polymer remaining will cause either the 
polymer to be fiber-filled, the fibers to be polymer 
impregnated, or some intermediate composite of fibers 
and doped polymer to be formed. in the case of systems 
wherein the amount of non-soluble component greatly 
exceeds the doped polymer remaining, individual parti- 
cles or shapes of non-soluble components coated or 
impregnated with doped polymer will be formed. Examples 
of articles formed from non-soluble components and the 
present polymer solutions include conductive polymer 
coated-housings for sensitive electronic equipment such 
as, microprocessors; infrared and microwave absorbing 
shields; flexible electrical conducting connectors, 
antistatic coatings, conductive bearings and brushes and 
semiconducting photoconductor junctions. 

it is also contemplated to use the present solu- 
tions as such as either liquid conductors or liquid 
semiconductors, much in the manner that liquid mercury 
is used in various devices. Examples of such devices 
include gravity switches, fluid level detecting devices 
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or other electrical or electronic switches. Such use is 
based upon the conductivity of the doped solution, which 
the case of poly (3-n-butylthienylene vinylene) doped 
with iodine in toluene can represent a relatively high 
s conductivity {from about 10" 1 to about 10 2 ohm" 1 cm"*) - - 
which appears to be predominantly of an electronic 
rather than ionic nature. 

A fourth application for the present polymer solu- 
txons is in the doping of other materials, and espe- 
iq cially other conjugated backbone polymers which could 
also be doped by the electron-acceptor dopant alone. 
Such doping may occur as a part of the process of cast- 
ing the polymer solution onto the second polymer arti- 
cle, but may also be accomplished without, necessarily, 
is casting the conductive polymer from the solution. 

The following specific examples are present to 
illustrate the invention and are not to be construed as 
limitations thereon. 

20 EXAMPLE 1 

Preparation of 2. 5-b ts- ( chloromethvl ) thiop hAn* 
To a stirred solution of 37% formaldehyde (204 mL, 
2.8 mole) and cone, hydrochloric acid (50 mL) was 
bubbled a stream of dry hydrogen chloride at O'C until 
2s the solution was saturated. Thiophene (70 g, 0.78 mole) 
was added dropwise to the solution at O'C for a period 
of 20 minutes. After addition, the mixture was stirred 
for another 20 minutes then washed five times with water 
(200 mL). The resulting mixture was refrigerated 
3Q overnight then filtered by using Filter-cel to remove 
some paraformaldehyde. 

The brownish solution was distilled under vacuum 
(86-90°C/0.5 mmHg) to give a colorless liquid which 
solidified at room temperature. Yield (80g, 57%) M.P. 
35 36-37-c (Lit. M.P. 36-37'C, J. M. Griffing and L. F. 
Salisbury, j. Amer. Chem. Soc. 3416, (1948)). 
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EXAMPLE 2 

Preparation of 2, 5-bis(dimethylsulfonium 

methyl )thiophene chloride 

To a stirred solution of 2,5-£is(chloromethyl) 
g thiophene (1.81 g, 0.01 mole) in dry methanol (5 mL) was 
added methyl sulfide (10 mL, 0.13 mole) in one portion 
at room temperature (under argon) and the mixture was 
stirred at room temperature for twenty hours. 

The solvent was then evaporated under vacuum and 
the resulting product was washed twice with anhydrous 
diethylether (20 mL) and dried. 
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EXAMPLE 3 

Preparation of 2, 5-£is( tetrahydrothiophenonium 

methyl ) thiophene chloride 

To a stirred solution of 2, 5-bis( chloromethyl ) 
thiophene (1.81 g, 0.01 mole) in a dry methanol (5 mL) 
was added tetrahydrothiophene (10 mL, 0.11 mole) in one 
portion at room temperature (under argon) and the 
mixture was kept stirring at room temperature for twenty 
hours. The material was purified by concentration, 
precipitation in cold acetone, filtration, followed by 
vacuum drying. The product was obtained as a white 
crystalline powder. Yield (2.86 g, 80%) 

EXAMPLE 4 

Preparation of the water soluble polyelectrolyte 

Precursor to po! v( 2 . 5-thienvlene vinvlene) 

To a degassed, stirred solution of 2,5-bis- 
(dimethylsulfonium methyl ) thiophene chloride (3.05 g, 
0.01 mole) in distilled water (15 mL) at 0°C was added a 
cooled (0"C) degassed solution of sodium hydroxide (0.4 
g, 0.01 mole) in distilled water (10 mL). 

A light orange color developed immediately and the 
solution became viscous. After stirring at 0°C for 1 
hour the solution was neutralized with hydrochloric acid 
to pH approximately 7.0 to give a solution of the 
desired polyelectrolyte. 
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EXAMPLE 5 

- l^Paration of Polvf; . 5 z thien X lene vin^lenej 
Part (I): The viscous solution of Example 4 was 
evaporated under vacuum with gentle heating (40 'c to 
5 65-C). The light yellow solution formed a homogeneous 
film coating on the flask, the color of which changed 
slowly from orange to red to dark purple within 2 
hours. The so-formed film was rinsed with methanol, 
then peeled off the glass. The shiny surface of the 
1(j film had a golden metal-luster; film thickness was 40 
nucrons. The polymer had a molecular weight of 
approximately 100,000, i.e., about 925 repeating units. 

The film was further purified by Soxhlet extraction 
with hot methanol overnight. 
15 Elemental analysis r Calcd. for poly (2, 5-thiehylene 
vinylene C 6 H 4 S) = C, 66.66%; H, 3.73%; 3,29.61%. 
- Found: C, 65.21%; H , 4.33%; S, 29.39%; CI < 0.6% 

EXAMPLE 6 

2Q Preparation of a Foam-form of poly (2,5-thienylene 

' vinylene) 

The viscous solution of Example 4 was vacuum dried 
with rapid heating (90 «c-100 «c) . Because of the rapid 
elimination of Me 2 s (methyl sulfide) and hydrochloric 

2S acid, the resulting polymer was obtained as a foam of 
low density (0.25 g/cm3). After extracting with hot 
methanol, the spongy polymer had a golden luster. The 
polymer had a molecular weight of approximately 100,000, 
i.e., about 925 repeat units. 

30 

EXAMPLE 7 

The viscous solution of Example 4 was purified by 
membrane dialysis against water (M.W. cut off 3500) 
After five minutes of dialysis at room temperature, the 
35 polymer precipitated in the membrane to give a light 

yellow powder. The partially eliminated polyelectrolyte 
appeared stable to further elimination and could be 
stored in a refrigerator for a long period of time. 
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The yellow solid was fabricated into sheets using a 
hot press (10,000 pound/sq. in., 150 °C). The pressed 
films were strong and tough. The degree of elimination 
of methyl sulfide and hydrogen chloride can be 
controlled by controlling the heating time to give 
polymers with varying degrees of conjugation and 
ultimate conductivity. By this method, films ranging in 
conductivity offer doping can be controllably varied 
from about 10 -10 s/cm to 10 +2 S/cm. 
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EXAMPLE 8 

Preparation of iodine doped poly ( 2,5-thienylene 

vinylene) 

A piece of poly ( 2 , 5-thienylene vinylene) (from 
Example 5) with a thickness of 40 micron was doped with 
iodine vapor at room temperature for 10 minutes. The 
conductivity was measured using a four-in-line probe 
with 1 mm spacings. The two outer probes were connected 
to a Keithley Model 225 constant current source. The 
inner two probes were connected to a Keithley Model 616 
Electrometer for voltage measurement. 

The conductivity ( s ) of this blue-black doped 
film was calculated to be 56 ohm" 1 cm" 1 (equivalent to 
S/cm) by using the formulat 



ln2 i 



where "d" is the sample thickness (40 ), "I" is the 
constant current passed through the outer probes (1 mA) 
and "V is the measured voltage drop across the inner 
two probes (0.98mV). 
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EXAMPLE 9 

Preparation of FeCl 3 (Ferric chloride) doped poly(2,5- 

. — - thienylene vinylene) 

To a stirred solution of FeCl 3 (30 mg) in CH.MO, 
(10 mL) was added at 0'C a piece of 1 cm square 
poly(2,5-thienylene vinylene) having a thickness of 40 
microns. After 5 mintues, the doped film was rinsed 
with nitromethaneand toluene then dried under vacuum. 
The conductivity of the doped film was found to be 35 
ohm 1 cm" i . 



EXAMPLE 10 

Preparation of NOSbFg (nitrosyl hexaf luoroantimanate) 

doped Doly(2,5«thlan ylene viny l*h»Y 

15 To a sti ^red solution of NOSbFg (50 mg) in 

nitromethane (10 mL) was added at o-c a piece of 1 cm 

square poly (2,5-thienylene vinylene) thickness of 40 

microns. After 5 minutes the doped film was rinsed with 

nitromethane and toluene then dried under vacuum. 

20 , e Tn « conductivity of- the doped film was found to be 
7.5 ohm i cn" i , 



EXAMPLE 11 

A free standing film of poly(2, 5-thienylene 
2s vinylene) synthesized by the method of Example 1 was 
mounted in an electrochemical cell. The film had 
dimensions 1.5 cm x 0.5 cm x 0.01 cm and weighed 1.91 
mg. The film was held against a glass support by four 
equally spaced platinum wires which were alternately 
3Q used together as a grid to supply electrochemical doping 
current to the polymer sample, and independently as a 4- 
probe contact to the sample for the measurement of 
conductivity. The sample was immersed in an 
electrolytic solution of 0.2M NaPF e in benzonitrile. 
3s The cell was also equipped with a counter electrode 

composed of N a x Co0 2 (a reversible sodium-ion inserting 
electrode). Electrochemical doping (PF 6 " insertion) was 
carried out by a step-wise anodic increase in the 
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potential of the polymer electrode with respect to a 
silver wire reference (such a reference being 
approximately equal to standard calomel electrode (SCE) 
reference). The current flowing during each step was 
s integrated to determine charge passed and thus doping 
level of the polymer. Electrochemical undoping (pf 6 ~ 
extraction) was carried out by the reverse step-wise 
process. in an attempt to obtain uniform doping small 
voltage steps (20 mV) were used and the current was 
allowed to decay to a low value 20 A/cm 2 before the 
next step was made. m addition, after the completion 
of each step, the polymer sample was allowed to rest at 
open-circuit for 3 minutes and then i 4-probe AC 
conductivity measurement (155 Hz) was made. 
Simultaneous data were thus obtained relating doping 
level, electrochemical potential, and conductivity. The 
conductivity was found to increase rapidly until a 
doping level of about 20 to 25% mole was reached, 
[(C 4 H 2 S-C 2 H 2 -)- (PF 6 ~) 0 .25 ]x - ° ver this same range of 
doping up to 25% mole, the electrochemical potential ■ was 
found to increase moderately. As doping proceeded 
beyond 25% mole, the potential increased more rapidly, 
with increasing doping level (y) . Conductivity reached 
a maximum of 37 s/cm at approximately a 33% mole doping 
2s level and the amount of PF 6 " which could be extracted 
during the reduction of the oxidized sample did not 
exceed 30% mole. While we do not wish to be bound by 
any theories, the data suggest that degradation of the 
polymer complex occurs upon attempts to dope beyond 33% 
mole. Further, and most importantly, we have identified 
a preferred range of compositions extending from 20 to 
25% mole doping, (i.e., [ (-C 4 H 2 S-C 2 H 2 ) (PF 6 ) y ] x with 
0,2 1 y £ 0.25), which compositions offer an optimal 
compromise between high electronic conductivity and good 
environmental and chemical stability of the doped 
polymer. The latter question of environmental stability 
(i.e., stability to ambient conditions) relates to the 
electrochemical potential of the complex where too high 



20 



30 



35 



WO 88/00954 PCT/US87/01688 

a potential results in instability (reactivity) toward 
atmospheric water vapor. Thus, a strong preference is 
indicated for minimizing the potential by not entering 
the region of rapidly increasing potential which occurs 
beyond 25% doping. 

EXAMPLE 12 
Preparation of 3-mg thoxvthiopherm 
To a stirred solution of sodium- methoxide in 
iq methanol (25 wt. %/ 180 mL) was added 3-bromothiophene 
C45g, o.28 mole), potassium iodide (0.75g, 4.5 mmol) , 
and cupric oxide (11. 2g, 0 .14 mole). The mixture was 
refluxed under (n 2 ) for .100 hours. 

The cold mixture was then filtered, diluted with 
ls two volumes of water and extracted with ether (250 mL x 
2). The combined ether portions were washed with water 
(100 mL), dried with anhydrous sodium sulfate and 
fractionally distilled under vacuum (water aspirator) 
(66-67-C) to give a colorless liquid (19.5g, 60%). 
(Lit. b.p. 80-82-C/65 mmHg) (S. Gronowitz, Arkiv. Kemi., 
239, _12_ r (1957) . ) 

EXAMPLE 13 
Preparation of 1, 2-bis( 3-methoxy-2- 

25 thienvl) ethylene 

To a stirred solution of 3-methoxythiophene (5.7g, 
50 m mole) in anhydrous ether (lOOmL) was added dropwise 
1 equivalent of n-butyllithium at 25 °C. 

After stirring at 25"C for 2 hours, anhydrous 
3Q magnesium bromide (12.91g, 50 mmol) was added in one 

portion. After further stirring for. 1 hour, the mixture 
was transferred to an addition funnel and added dropwise 
to a stirring mixture of trans-dichlorof 1, 
3-bis(diphenylphosphino)propane] nickel (II) (50 mg) i„ 
3s anhydrous ether (30 mL) at 0«C under argon. 

After the addition, the mixture was stirred at room 
temperature overnight then washed with water (50 mL x 
2), dried over anhydrous sodium sulfate, and 
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evaporated. The remaining red solids were washed with 
petroleum ether (35-60'C) to give red crystals of 1,2- 
bis-(3-methoxy-2-thienyl)ethylene (5.6g, 45%). 

EXAMPLE 14 
Preparation of poly (3-methoxy-2, 5- 

thienvlene vinylentO 

To a stirred scution of 1, 2-bis( 3-methoxy-2- 
thienyDethylene (2.52g, 10 mmol) in anhydrous 
tetrahydrofuran (40mL) was added dropwise two 
equivalents of n-butyllithium at 25 °C. 

After stirring at 25°C for 2 hours, anhydrous 
magnesium bromide (5.16g, 20 mmol) was added in one 
portion. After an additional hour, trans-1,2- 
dichloroethylene (0.97g, 10 mmol) and dichloro [1,3- 
bis(diphenylphosphino)propane] nickel (II) (50 mg) was 
added in one portion at 0°C under Argon. 

The mixture was refluxed overnight, then 
precipitated in methanol (300 mL) and filtered. The 
solids were Soxhlet extracted with hot ethanol and 
acetone, then dried to give dark purplish black solids 
(1.8g, 65%). The solids were very soluble in tetra- 
hydrofuran, toluene, dimethylf ormamide , and methylene 
chloride. The polymer had an average molecular weight 
of approximately 20,000, approximately 145 repeating 
units. 
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EXAMPLE 15 

Preparation of poly( 3-methoxy-2, 5- thienylene 

30 vinylene ) doped with N0SbF n 

To a stirred suspension of poly (3-methoxy-2,5- 
thienylene vinylene) (50 mg) in nitromethane (10 mL) was 
added N0SbF 6 (60 mg) in one portion at 0 8 C (N 2 ). 

The solid polymer turned blue immediately with the 
3s release of a brown gas. . After stirring at 0°C for 15 
minutes, the blue-black powder was filtered and washed 
several times with nitromethane and methylene chloride 
to remove excess dopant. After drying under vacuum, the 
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powder was pressed into a disk-shaped pellet 7 mm in 
diameter using a KBr infrared die. The conductivity of 
the pressed pellet was 0.5 S/cm as measured by the four 
point probe technique described in Example 8. 
5 EXAMPLE 16 

Preparation of 2. 5-hi s- (chloromethvl ) f uran 
To a stirred solution of f uran-2, 5-dimethanol (25 
mg, 0.2 mol) and pyridine (38.4 g, 0.48 mol) in a dry 
chloroform (120 mL) was added dropwise a solution of 
10 ^ n ° ny ! Chloride <52'4 9, 0.44 mol) in dry chloroform 
(80 mL) at -40-c (Ar) for 1.5 h. After addition, the 
mixture was stirred at -40»C for 0.5 h then warmed to 

C for 0.5 h. After quenching with ice water (300 mL) , 
the organic phase was washed with 5% sodium hydroxide 
is (10 mL), dried, then evaporated to give a light brown 
oil. The brownish oil was distilled under vacuum (80- 
82°C, 0.5 mmHg) to give a colorless liquid which 
solidified at room temperature. yield: 24 g (75%); M .P 
27-28-C (M.P. 27-28'C, K, Yu. Noritskii, V. P. Volkoo, 
20 YU * K * YUiey ' 2hur - Obsgh**-- 1-961, 31, 538.) 

EXAMPLE 17 

Preparation of 2, 5-bis( tetrahydrothiophenonium 

methyl )furan chloride 

25 fa , T ° 3 Stirred solution of 2,5-bis(chloromethyl)faran 
(8.3 g, 0.05 mole) in dry methanol (35 mL) was added 
tetrahydrothiophene (25 mL, 0.28 mol) in one portion at 
room temperature (under Argon) and the mixture was 
stirred at room temperature for twenty hours. The 
3q material was purified by concentration, precipitation in 
cold acetone, filtration followed by vacuum drying. The 
product was obtained as a white crystalline powder. 
Yields 15.1 g (88%). 

35 EXAMPLE IB 

• Preparation of the water soluble polyelectrolyte 
grecursor to Dolv(2.5-f U rvlene vjnylene) 
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To a degassed, stirred solution of 2, 5-bis( tetra- 
hydrothiophenonium methyl) furan chloride (3.41 g. io 
ramol) in distilled water (23.3 raL) at 0°C under argon 
was added a cooled (O'C) degassed solution of sodium 
^ hydroxide (0.4 g, 10 mmol) in distilled water (lOmL). A 
light yellow color developed immediately and the 
solution became viscous. After stirring at 0°C for 1 h, 
the solution was membrane dialyzed against water 
(MWCO=3500). 
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EXAMPLE 19 

Preparation of pol y( 2 . 5-furylene vinvlenel 
The viscous solution of the polyelectroly te pre- 
cursor was evaporated under vacuum at room temperature 
until all the water was removed. At this time the 
purple film was heated at 65°C for 1 h then the 
temperature was raised to 95°C at a rate of 10°C per 
hour. The resulting golden lusterous film was then 
rinsed with methanol, water, and acetone, then vacuum 
dried. The film was further heated in vacuum at 180 °C 
for 5 hours. The so-formed film was Soxhlet extracted 
with hot tetrahydrofuran to give poly ( 2 , 5-f urylene 
vinylene) film of 20-40 micron thickness. 

EXAMPLE 20 

Preparation of iodine doped poly ( 2 , 5-f urylene vinylene) 

A piece of poly(2,5-furylene vinylene) with a 
thickness of 20 microns was doped with iodine vapor at 
room temperature for 15 minutes. The conductivity of 
this blue-black doped film was found to be 3 5 S/cm by 
the four-point probe technique. 



EXAMPLE 21 

Preparation of 1 . 2- bis( 3-propyl-2-thienyl ) ethylene 
35 To a stirred solution of 2-bromo-3-propylthiophene 

(11.28 g, 55 mmol) in anhydrous ether (100 mL) was added 
dropwise 2 equivalents of t-butyllithium at -78°C. 
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After stirring at -78 °C for 1 hour, anhydrous 
magnesium bromide (14.23 g, 55 mmol) was added in one 
portion. After further stirring for 2 hours, the 
mixture was transferred to an addition funnel and added 
s dropwise to a mixture of trans-1, 2-dichloroethylene 
(2.71 g, 28 mmole) and dichloro [1 ,3-bis(diphenylphos- 
phino) propane] nickel (II) (50 mg) in anhydrous ether 
(30 mL) at 0°C under argon. 

The mixture was stirred at room temperature over- 
night then washed with water (50 mL x2) , dried over 
anhydrous sodium sulfate, and evaporated. The remaining 
solution was purified through a silica gel column 
(hexane as eluent) which gave 5.2 g (34%) of pure 
product. 
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EXAMPLE 22 
Preparation of poly( 3-propyl-2, 5- 

thienylene vinylene) 

To a stirred solution of l,2-bis(3-propyl-2- 
thienyDethylene (2.07g, 7.5 mmol) in anhydrous ' 
tetrahydrofuran (40mL) was added dropwise two equivalent 
of n-butyllithium at 25 °C. 

After stirring at 25»c for 2 hours, anhydrous 
magnesium bromide (3.87g, 15 mmol) was added in one 
portion. After an additional hour, trans-1, 2- 
dichloroethylene (0.73g, 7.5 mmole) and dichloro [1,3- 
bis(diphenylphosphino)propane] nickel (II) (50 mg) was 
added in one portion at 0°C under Argon. 

The mixture was refluxed overnight, then 
precipitated in methanol (300 mL) and filtered. The 
solids were Soxhlet extracted with hot ethanol and 
acetone, then dried to give dark purplish black solids 
(1.7g, 80%). The solids were very soluble in tetra- 
hydrofuran, toluene, dimethylformamide, and methylene 
3s chloride. The polymer had a molecular weight of 

approximately 4,000, approximately -27 repeating units 
based on end-group analyses for CI. 
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EXAMPLE 23 

. Preparation of poly ( 3-propy 1-2, 5-thienylene 
vinylene) doped with NOSbFg 
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To a stirred suspension of poly (3-propyl-2, 5- 
thienylene vinylene) (50 mg) in nitromethane (10 mL) was 
added N0SbF 6 (60 mg) in one portion at 0 °C (N 2 ). 

The solid polymer turned blue immediately with the 
release of a brown gas. After stirring at 0°C for 15 
minutes, the blue-black powder was filtered and washed 
several times with nitromethane and methylene chloride 
to remove excess dopant. After drying under vacuum, the 
powder was pressed into a disk-shaped pellet 7 mm' in 
diameter using a KBr infrared die. The conductivity of 
the pressed pellet was 0.8 S/cm as measured by the four- 
point-probe technique described in Example 8. 

EXAMPLE 24 

Preparation of the (1;1) Random Copolymer of 2.5- 
Thienvlene Vinyl ene and 2,5-Furvlene Vinylene 
To a degassed, stirred solution of 2,5- 
bis( tetrahydrothiopheno'nium methyl) thiophene (1.79 g, 5 
mmol) and 2 , 5-bis( tetrahydrothiophenonium methyl) furan 
(1.71 g, 5 mmol) in distilled water (23.3 mL) at 0°C was 
added a cooled (0°C) degassed solution of sodium 
hydroxide (0.4 g, 10 mmol) in distilled water (10 mL) . 

A light orange color developed immediately and the 
solution became viscous. After stirring at 0°C for 1 
hour, the solution was dialyzed against cooled water 
(0°C) for 1 hour then evaporated under vacuum with 
gentle heating (60° to 80°C). The light yellow solution 
formed a homogeneous film coating on the vessel, the 
color of which changed from orange to red to dark purple 
within 2 hours. 

The so formed film was rinsed with methanol" then 
peeled off the glass. The shiny surface of the film had 
a golden metal luster; film thickness was 20-40 microns. 

The film was further heated under vacuum at 180°C 
for 2 hours then purified by Soxhet extraction with hot 
methanol overnight to give the copolymer. 



WO 88/00954 



-44- 



PCT/US87/01688 



10 



EXAMPLE 2 5 

Preparation of FeCl 7 ferric Chloride) Dop ed (J n 

Random Copni ym e r of 2 5-th i a „, i ^ 

h - ^,5~Thieny i ene Vinylene and ? r 

Furylene Vinylene 

(10 3 StiCred SOlUti ° n ° f FeC1 3 (30 mg) in CR^NO, 

(10 mL) was added at o«c a piece of 1 cm square 
copolymer having a thickness of 40 microns. After 5 

2lTeZ\T film CinSed Wlth "^methane and 

toluene then drxed under vacuum. The conductivity of 
the doped film was found to be 40 ohm" 1 cm" 1 . 
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EXAMPLE 2 6 

Preparation of the 1:1 Rand om Copolymer of 25 . 
Thienylene Vinvlene and I ^-Dimetho^J, . ,Z^^T no _ 

Vinylene *"~ 

To a degassed, stirred solution of 2,5- 
bxsUetrahydrothiophenonium methyl) thiophene (1.79 g, 5 
mmol) and 2,5-bis( tetrahydrothiophenonium methyD-1,4- 
di^etho^beazene (2.06 g, 5 mmol) in distilled water 
(23.3 mL) at 0'C was added a cooled (0-C) degassed 
solutxon of sodium hydroxide (0.4 g, 10 mmol) in 
distilled water (10 mL). 

solution^ ° ran9e COlOC deVelo * ed Mediately and the 
solutxon became viscous. After stirring at 0«C for 1 

eva U p:rate e d SOl r i0n ™ Wil " t ^ ( °° C > «»« 

evaporated under vacuum with gentle heating (45«C to 

80 C). The lig ht yeUow solutio „ . homogeneous 

fxlm coatxng on the walls of the flask, the color of 
which changed from orange to red to dark purple within 2 

oeel e r%r"! 0rraed f Um CinSed With metha ^ then 

a aolde : 9laSS * Shiny SUrfaCe ° f the *«- ^d 

a golden metal-luster; film thickness was around 40 
microns • 

The film was further heated under vacuum at 180 *C 
for 2 hours then purified by Soxhlet extraction with hot 
methanol overnight* 
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EXAMPLE 27 

Preparation of Ferric trif luorome thane sulfonate doped 
•Random copolymer of 2, 5-Thienylene Vinylene and 

l,4-Dimethoxy-2, 5-phenvlene vinylene 

To a solution of Ferric trif luorome thane sulfonate 
5 in nitromethane was added a 1cm x 2cm piece of copolymer 
film at room temperature. After three minutes, the film 
was removed and washed with fresh nitromethane and air 
dried. The conductivity of the film was found to be 
10.1 S/cm by the 4-in-line probe technique. 

10 

EXAMPLE 23 
Preparation of 1 , 2-bis( 3-ethoxy-2- 

thienyl) ethylene 

To a stirred solution of 3-ethoxy thiophene (6.4g, 
15 50 mmol) in anhydrous ether (lOOmL) was added dropwise 1 
equivalent of n-butyll i thium at 25°C. 

After stirring at 25°C for 2 hours, anhydrous 
magnesium bromide (12.91g, 50 mmol) was , added in one 
portion. After further stirring for 1 hour, the mixture 
20 was transferred to an addition funnel and added dropwise 
to a stirring mixture of trans-1, 2-dichloro ethylene 
(2.42 g, 25 mmole) and dichloro [1,3- 

bis( diphenylphosphino)propane] nickel (II) (50 mg) in 
anhydrous ether (30 mL) at 0°C under argon. 

25 After the addition, the mixture was stirred at room 

temperature overnight then washed with water (50 mL x 
2), dried over anhydrous sodium sulfate, and 
evaporated. The remaining red solids were washed with 
petroleum ether (35-60°C) to give brown crystals of 1,2- 

30 bis- (3-ethoxy-2-thienyl )ethylene (5.6g, 40%). 



EXAMPLE 29 
Preparation of poly( 3-ethoxy-2, 5- 

thienylene vinylene) 

To a stirred solution of l,2-bis(3-ethoxy-2- 
thienyDethylene (1.12g, 4 mmol) in anhydrous 
tetrahydrofuran (40mL) was added dropwise two equiva 
of n-butyllithium at 25°C. 
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After stirring at 2S°C for 2 hours, anhydrous 
magnesium bromide (2.07g, 8 mmol) was added in one 
portion. After an additional hour, trans-1,2- 
dichloroethylene (0.39g, 4 mmol) and dichloro [1,3- 
s bis{diphenylphosphino)propane] nickel (II) ( 40 mg) was 
added in one portion at 0°C under Argon. 

The mixture was refluxed overnight, then 
precipitated in methanol (300 mL) and filtered. The 
solids were Soxhlet extracted with hot ethanol and 
iq acetone, then dried to give dark purplish black solids 
(1.2g, 98%). The solids were very soluble in tetra- 
hydrofuran, toluene, dimethylf ormamide, and methylene 
chloride. The polymer had a molecular weight of 
approximately 9,000, approximately 60 repeating units. 



15 



EXAMPLE 30 

Preparation of poly( 3-ethoxy-2, 5-thienylene 

yinylene) doped with NOSbF , . 

To a stirred suspension of poly (3-ethoxy-2, 5- 
2q thienylene vinylene) (50 mg) in nitromethane (10 mL) was 
added N0SbF 6 (60 mg) in one portion at 0 »C (N 2 ). 

The solid polymer turned blue immediately with the 
release of a brown gas. After stirring at 0°C for 15 
minutes, the blue-black powder was filtered and washed 
2s several times with nitromethane and methylene chloride 

to remove excess dopant. After drying under vacuum, the 
powder was pressed into a disk-shaped pellet 7 mm in 
diameter using a KBr infrared die. The conductivity of 
the pressed pellet was 1.8 S/cm as measured by the four 
3q point probe technique described in Example 8. 



35 
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WHAT IS CLAIMED TS ; 

1. A homopolymer or random or block copolymer 
having regular or random recurring units of the 
following fomulae Vin-xiV: 



-R 1 R 2 R$ 

d.i-i 

x, R5J 
VIII 




m 
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Ri R : 




-7 ?• 

R« Rio 



-JOB 



Rt Rj^ 




WV 



wherein: 

m, and the sum of n, o,.and p, are the same or 
different and are greater than about 100 with the 
proviso that at least one of n or o is greater than 
zero; 

q is an integer which can range from 0 to about 4; 

R x , R 2 r R3, R 4 R 5 r R 6 » »7' R 8' R 9' R 10' R ll' R 12' 
R 13 and R 14 are the same or different at each occurence 
and are hydrogen or isotopes thereof, alkyl, alkenyl, 
aryl, alkoxy, cycloalkyl, cycloalkenyl, alkanoyl, 
alkylthio, aryloxy, alkylthioalkyl, alky ny 1, " alky laryl, 
arylalkyl, amido, alkylsulf inyl, alkoxyalkyl, 
alkylsulf onyl, aryl, arylamino, diarylamino, alkylamino 
dialkylamino, phosphoric acid, alkylarylamino, arylthio 
heterocycle, arylsulf inyl, alkoxycarbonyl, arylsulf onyl 
carboxylic acid, halogen,, nitro, cyano, sulfonic acid, 
or alkyl or phenyl substituted with one or more of 



and 
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sulfonic acid, phosphoric acid, carboxylic acid, halo, 
amino oitro, cyano or epoxy moieties, or a moiety of the 
formula: 

40R 15 > r OR 16 

wherein: 

R 15 is a divalent alkylene moiety having from 1 to 
about 7 carbon atoms; 

R l6 is alkyl having from 1 to about 7 carbon atoms; 

r is a natural number from 1 to about 50; 
R 1 and R 2 , or R 3 and R 4 , or R 5 and R g , or R ? and 
R 8 , or R 9 and R 1Q or R u and R 12 or R 13 and R 14 
substituents taken together are an alkylene or 
alkenylene group completing a 3, 4, 5, 6 or 7 membered 
aromatic or alicyclic carbon ring, which ring may 
optionally include one or more divalent heteroatoms of 
nitrogen, sulfur, sulfinyl, sulfonyl or oxygen; 
Z" is an anion; and 

X x and X 2 are the same or different and are S, O, 
Se, NR l?/ or PR 1?f wherein R 1? is hydrogen, alkylaryl, 
arylalkyl, alkyl or aryl . 

2. A polymer according to claim 1 wherein said 
polymer is doped with an electron acceptor dopant. 

3. A polymer according to claim 2 wherein said 
doped polymer has an electrical conductivity equal to or 
greater than about 10~ 2 ohm -1 cm" 1 . 

4. A polymer according to claim 2 wherein said 
conductivity is equal to or greater than about 10" 1 
ohm" 1 cm" 1 . 

5. A polymer according to claim 2 wherein said 
conductivity is greater than about 10 1 
ohm" 2 cm" 1 . 

6. A polymer according to claim 2 wherein said 
conductivity is equal to or greater than about 10 2 
ohm" 1 cm" 1 . 

7. A polymer according to claim 2 with a doping 
level of from about 10" 2 to 33 mole % per monomer unit. 
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8. A polymer according to claim 7 with doping 
level of from about 5 to about 2S mole %. 

9. A polymer according to claim 1. wherein: 

R x to R 4 are the same or different at each 
occurence and are hydrogen; alkyl containing from 1 to 
[ I 2 ; phenyl; alkenyl containing from 2 

to a bout 20 carbon atoms; alkylphenyl or phenylal k yl 

rr^ith 9 froTO about 7 to ab ° ut 20 CaCb ° ns » 

alkylthro or alfcoxy each containing from 1 to about 20 
carbon atoms, alxylamino, dialkylamino, dialkylamino, 
arylam.no and alkylarylamino ; alkoxyalkyl having from 2 
to about 20 carbon atoms; substituted phenyl or 
substituted alkyl having from 1 to about 20 carbon atoms 
where.n permissible substitutents are epoxy, nitro, 

a C cId n0 :r a hai°' SUlf ° niC ^^-^ -id, carboxylic 

acid or halo groups; moiety of the formula: 

'. . 40R 15^r°Rl6 
wherein: 

R 15 is alkyl having from 1 to. about 4 carbon atoms; 

*16 alkyl having from 1 to about 4 carbon atoms; 



and 



r is a natural number from 1 to about 25- 
or any of ' 

R x and R 2r or R 3 and R 4 substituents taken 

from et 2 he ! " alkyIen6 0t * lke <^«- chain having 

from 2 to 20 carbon atoms completing a 4, 5 or 6 

membered ring system which may include one or more 
heteroatoms of divalent oxygen or sulfur, 

R 5 to R 12 are the same or different at each 
occurrence and are hydrogen, substituted or 
^substituted alkyl having from 1 to about 12 carbon 
atoms substituted or unsubstituted phenyl, or alkylthio 
or alkoxy each having from 1 to about 12 carbon atoms, 
or any of R 5 and R 6 , or R ? and Rg , or R g and R 10 
and R substituents taken together may form an^alkylene 
chaxn having 2 to about 20 carbon atoms completing a 4, 
5 or 6 membered ring system which may include one or 
more heteroatoms of oxygen, nitrogen or sulfur; and 
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X x and x 2 are the same or different and are 
divalent oxygen, sulfur or wherein r is hydrogen 

or alkyl. 

10. A polymer according to claim 9 wherein: 

R l' R 2' R 3' and R 4 ar e the same or different 
at each occurrence and are hydrogen, alkoxyalkyl, 
alkoxy, alkythio or alkyl, or 

-*OR 15 ). r OR 16 

wherein: 

R 15 is alkylene of about 2 to 3 carbon atoms; 

R 16 is alkyl of from 1 to about 3 carbon atoms; and 

r is a natural number from 1 to about 10. 

11. A polymer according to claim 10 wherein R, , 
R 2 / R3 and R^ are hydrogen 

12. A polymer according to claim 10 wherein Rj , 
R 2 , R 3 and R 4 are the same or different and are 
hydrogen, alkyl, alkoxy alkoxyalkyl or 

* OR 15*r OR l6 

wherein: 

R 15 is alkylene of about 2 to 3 carbon atoms; 

R 16 is alkyl of from 1 to about 3 carbon atoms; and 

r is a natural number from 1 to about 10. 

13. A polymer according to claim 10 wherein no 
more than about two of Rj , R 2 , r 3 or Rj| is alkyl, 
alkoxy or alkoxyalkyl or 

* OR 15*r OR 16 

wherein: 

R 15 is alkylene of about 2 to 3 carbon atoms; 

R 16 is alkyl of from 1 to about 3 carbon atoms; and 

c is a natural number from 1 to about 10. 

14. A polymer according to claim 10 wherein 

R x is alkoxy or alkyl having 1 to about 12 
carbon atoms, alkoxyalkyl having from 2 to about 12 
carbon atoms or a moiety of the formula: 

40R 15 *. 0 R 16 

wherein: 

R 15 is-4CH 2 *2 or -CH 2 CH(CH 3 )-; 
R 16 is -CH 3 or -CH 2 CH 3 ; and 
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r is a natural number 1 to about 6? 

R 3 is hydrogen or alkyl having 1 to about 12 
carborv atoms; and 

r 2 and R 4 are hydrogen. 
15. A polymer according to claim 9 wherein X^ and 
X 2 sulfur. 

16* A polymer according to claim 14 wherein: 
R t is alkyl and; 

R 3 is alkyl having from 1 to about 12 carbon 

atoms. 

17. A polymer according to claim- 14 ^wherein: 
Rj^ is alkoxy; and 

R 3 is hydrogen. 

18. A polymer according to claim 1 wherein R 5 to 
R^ 2 are the same or different at each occurrence and are 
hydrogen or alkyl having from 1 to about 12 carbon 
atoms. 

19. A polymer according to claim 16 wherein at 
least one of R 5 to R^ 2 "e hydrogen. 

20. A polymer of claim 7 wherein X]^ or X 2 is* 

NR 15 . 

21. A polymer according to claim 20 wherein X and 
X 2 are NR 17 , wherein R 17 hydrogen or alkyl from about 1 
to about 12 carbon atoms , phenyl or alkylphenyl of about 
6 to about 12 carbon atoms, being the same or different 
at each occurrence. 

22. A polymer according to claim 1 wherein m and 
the £uro of n, o, and p are the same or different and are 
greater than about 200 with the proviso that the moles 
of each regular or random recurring moeity in the block 
or random copolymer of Formulas X f XI r XII and XIII is 
at least about 1 mole % based on the total moles or 
recurring units. 

23. A polymer according to claim 22 is wherein m, 
and the sum of«n r o # and p are the same or different and 
are greater than about 500 with the proviso that the 
moles of each regular or random recurring moeity in the 
block or random copolymer of Formulas X, XI , XII and 
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XIII is at least about 5 mole % based on the total moles 
or recurring units. 

24. A polymer of claim 1 having recurring units of 
the formula: 




25, A polymer of claim 20 wherein 

m is a natural number equal to or greater than 

about 200; 

R 1# R 2 r R 3 and R 4 are the same or different at 
each occurrence and are hydrogen, or alkyl or alkoxy 
having from 1 to about 12 carbons; 

and X 2 are sulfur; and 
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R 5 and R 6 are the same or different at each 

27. A polymer according to claim 24 wherein R anH 
R 6 are hydrogen. erein R 5 and 

R R 28 'J r lymer aCCOCdin ^ to c ^im 24 wherein R. , 
R 2 ' R 3v and R 4 are hydrogen. 1 

29. A polymer according to claim 24 wherein no 
-re than about two of R,, ^ ^ and R \ 9 ^ 
alXoxy, al.oxyal.yl or moiety of\ne formula- * ' 

wherein °^ 

H 5 is al.yl having from i to about 4 carbon atoms; 
^ d R 16 alKyi naving frora , tQ aboufc 4 carbQn atQrag? 

r is a natural number from 1 to about 25- 
, 30. A polymer according to claim 24 wherein- 
12 earn Rl 13 alk ° Xy ° r alkyl haVlng 1 to about 

cLbr:: 0 ;ri:: alkoxyaikyi — 2 - — s 

wherein: r 16 

.Ikvl^l T alk7len8 ° f ab ° Ut 2 t0 3 «rton atoms ;Rlfi is 
alkyl of from 1 to about 3 carbon atoms; and . 16 
r is a natural number from 1 to about 10- 

12 carbon llo^lT" " ^ ^ * *> 

R 2 and R 4 are hydrogen. 

auox"' * P ° lymSC aCSOCdi " 9 " 30 —~U Rl is 

alkyl"" * P ° lymer aCOOrdin « » 30 wh.retn % 1, 
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35. Polymer according to claim 24 wherein x, , or 
X 2 is NR 1? where r„ is the same or different at each 
occurrence and is hydrogen, alkyl from about 1 to about 
12 carbon atoms, aryl or alkylaryl of about 6 to about 
12 carbon atoms. 

36. A polymer according to claim 24 selected from 
the group consisting of poly ( 2, 5- thienylene vinylene) , 
poly(3-methox y -2,5-thienylene vinylene), poly ( 3-butyl- 
2,5-thienylene vinylene), oly ( 3-butyl-2, 5- thienylene-CO- 
3-methyl-2,5-thienylene vinylene), poly ( 2 , 5-furylene 
vinylene), poly ( 3-propyl-2, 5- thirnylene vinylene, co- 
2,5-thienylene vinylene/2 , 5-furylene vinylene, CO-2,5- 
thienylene vinylene/1, 4-dimethoxy-2-vinylene benzene, 
and Poly<3-ethoxy-2,5-thienylene vinylene). 

37. An electrically conductive solution 
comprising : 

(a) an organic solvent; and 

(b) a doped electrically conductive polymer 
according to claim 2. 

38. A solution according to claim 37 wherein said 
solvent is selected from the group consisting of cyclic 
and linear ethers, halocarbons, aromatic solvents, 
sulfones, nitrosubst ituted alkanes or aromatics, 
nitriles, esters, sulfoxides, amides and carbonates. 

39. A solution according to claim 38 wherein said 
solvent is selected from the group consisting of 
dichloromethane, toluene, tetrahydrof uran, chloroform, 
dimethylformamide, benzonitrile, acetonitrile , 
nitropropane, propylene carbonate, dimethoxye thane, 
dimethylsulf oxide, xylene, nitrobenzene and ti- 
me thy lpyrro I id i none . 

40. A method of forming a conductive article which 
comprises the steps of 

(a) forming the solution of claim 37; and 

(b) removing from the solution the solvent as 
the polymer solute solidifies to form said conductive 
article. 



WO 88/00954 PCT/US87/01688 

-56- 

41. A conductive article manufactured in 
accordance with the method of claim 40. 

42. a polymer solution comprising 
(a) an organic solvent; and 

43 A b l t HL U T Ped P ° lymer aCGOcdi ^ *> claim 1. 

43. a method of forming a conductive article whi<=h 
comprises the steps of: article which 

(a) forming a solution according to claim 42; 
the no! ™»*ing frcm the solution the solvent as 

the polymer solute solidifies to form the non-doped 
sol.d.fied polymer having the shape of said article; and 

said conducive lllll^ W to *» 

methJ 4 ', A 1 C ° nduCtive art icle manufactured by the 
method of claim 43. 

45. A homopolymer or random or block copolymer 
havx n r oc randatt ^^^^ ^ its P lymer 

following formulae I-vil? 






II 
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wherein: 

Z~ is an anion; 

q is 0 to about 4; 

m, and the sum of n, o, p, and q are the same or 
different and are at least about 100 with the proviso 
that at Least one of n or o is greater than zero; 

R L , R 2 , R 3 , R 4 , r 5 , R g/ R? , r 8/ Rg# RiQf Riif 
R 13 and R 14 are the same or different at each occurence 
and are hydrogen or isotopes thereof, alkyl, alkenyl, 
aryl, alkoxy, cycloalkyl, cycloalkenyl, alkanoyl, 
alkylthio, aryloxy, alkylthioalkyl, alkynyl, alkylaryl, 
»rylalkyl, amido, alkylsulf inyl, alkoxyalkyl, 
aikylsulfonyl, aryl, arylamino, diarylamino, alkylamino, 
dialkylamino, phosphoric acid, alkylarylamino, arylthio, 
heteroaryl, arylsulf inyl, alkoxycarbonyl, arylsulfonyl, 
carboxylic acid, halogen, nitro, cyano, sulfonic acid, 
or alkyl or phenyl substituted with one or more of 
sulfonic acid, phosphoric acid, carboxylic acid, halo, 
amino, nitro, cyano or epoxy moieties, or a moiety of 
the formula: 

-* 0R I5*r 0R 16 

wherein: 

R 15 is a divalent alkylene moiety having from 1 to 
about 7 carbon atoms; 

R 16 is alkyl having from 1 to about 7 carbon atoms; 

and 

r is a natural number from 1 to about 50; 

R X and R 2 , or R 3 and R 4 , or R 5 and R 6 , or R 7 and 
R 8 r or R 9 and R 10 or R X1 and R 12 or R 13 and R 14 , or R 15 
and R 16 , substituents taken together are an alkylene or 
alkenylene group completing a 3, 4, 5, 6 or 7 membered 
aromatic or alicyclic carbon ring, which ring may 
optionally include one or more divalent heteroatoms of 
nitrogen, sulfur, sulfinyl, sulfonyl or oxygen; 
and 

X 1 and X 2 are the same or different and are 
divalent S, O, Se, NR 17 or PR 17 , wherein R 17 is 
hydrogen, alkyl alkylaryl, arylalkyl, or aryl; and 
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46, A solution comprising: 

(a) a solvent; and 

(b) one or more polymers according to claim 

45. 

47. a method of forming a conductive article which 
comprises the steps of: 

(a) forming the solution of claim 45; 

(b) removing from the solution the solvent as 
the polymer solute solidifies; 

(c) converting said solidified polymer into 
the neutral form of the polymer of claim 1; and 

(d) doping the neutral polymer with an 
electron acceptor dopant to form the conductive form of 
the polymer of claim 1. 

48. a polymer according to claim 1 wherein m and 
the sum of n, o and p are natural numbers. 

49. A polymer according to claim 37 wherein m, and 
the sum of n, o and p are natural numbers. 

50. A polymer according to claim 49 wherein n, o 
and p are selected such that the amount of each 
monomeric recurring moeity is at least about 1 mole % 
based on the total moles of recurring units. 

51. A polymer according to claim 50 wherein said 
amount if equal to or greater than about 5 mole %. 

52. a polymer according to claim 51 wherein said 
amount is equal to or greater than about 10 mole %. 

53. A polymer according to claim 1 wherein said 
polymer is a random copolymer. 

54. A homopolymer or random or block copolymer 
having regular or random recurring units of the 
following formulas VIII - XIV; 
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XIV 



prepared by treating the corresponding homopolymer or 
random or block copolymer having regular or random 
recurring units of the following formulae I to VII: 
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to eliminate species of the formulas: 

HZ and SR 13 R 14 

wherein: 

m, and the sum of n, o, p, and q are the same or 
different and are at least about 100 with the proviso 
that at least one of n or o is greater than zero; 

R l/ **2' R 3' R 4 R 5' R 6' R 7' R 8' R 9' R 10' R ll» R 12' 
R 13 and R 14 are the same or different at each occurence 
and are hydrogen or isotopes thereof, alkyl, alkenyl, 
aryl, alkoxy, cycloalkyl, cycloalkenyl , alkanoyl, 
alkylthio, aryloxy, alkyl thioalkyl , alkynyl, alkylaryl, 
arylalkyl, amido, alkylsulf inyl , alkoxyalkyl, 
alkylsulfonyl, aryl, arylamino, diarylamino, alkylamino, 
dialkylamino, phosphoric acid, alkylarylamino, arylthio, 
heteroaryl, arylsulf inyl , alkoxycarbonyl, arylsulf onyl , 
carboxylic acid, halogen, nitro, cyano, sulfonic acid, 
or alkyl or' phenyl substituted with one or more of 
sulfonic acid, phosphoric acid, carboxylic acid,* halo, 
amino nitro, cyano or epoxy moieties, or a moiety' of the 
formula: 

•*° R 15H- 0 R 16 

wherein: 

Rl5 is a divalent alkylene moiety having from 1 to 
about 7 carbon atoms; 

Rl6 is alkyl having from 1 to about 7 carbon atoms; 

and 

r is a natural number from 1 to about 50; 

R x and R 2 , or R 3 and R 4 , or R 5 and R 6 , or R 7 and 
R 8 , or R 9 and R 10 or R 1X and R 12 or R 13 and R 14 or R 15 
and R 16 , substituents taken together are an alkylene or 
alkenylene group completing a 3, 4, 5, 6 or 7 membered 
aromatic or alicyclic carbon ring, which ring may 
optionally include one or more divalent heteroatoms of 
nitrogen, sulfur, sulfinyl, sulfonyl or oxygen; 
and 
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X L and x 2 are the same or different and are 
divalent S, o, Se, NR 17 or PR 1? , wherein R 1? is 
hydrogen, alkyl alkylaryl, arylalkyl, or aryl. 

55. A homopolymer or copolymer according to claim 
54 formed by the thermal elimination of species of the 
formulas HZ and SR 13 R 14 . 

56. A homopolymer or copolymer according to claim 
54 formed by the chemical elimination of the species of 
the formulas HZ and SR 13 r 14 . 

57. a homopolymer or copolymer according to claim 
56 wherein said species are chemically eliminated by 
treating a homopolymer or copolymer having recurring 
units of the Formulas I to VII with base.' 
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